This paper provides a set of empirical evidence from five Northern Mediterranean countries that are subject to similar refinery reference prices regarding the relative sensitivity of crude oil prices and exchange rate on (pre-tax) petroleum product prices. The empirical evidence reveals that a one percent increase in exchange rate (depreciation) increases petroleum product prices less than a one percent increase in crude oil prices does in the long run. In the short run, however, a one percent increase in exchange rate increases petroleum product prices more than a one percent increase in crude oil prices does.
Introduction
The two most important determinants of petroleum product prices in local markets are crude oil prices (denominated in US dollars (USD)) and local currency-USD exchange rate. 3 The purpose of this article is to study the relative pass-through effects of these two costs on petroleum product prices. To be particular, we will assess which of these two input' price changes affect petroleum product prices more. We will focus on how these two costs affect petroleum product prices in the long run as well as in the short run. Retail petroleum product prices are subject to changes in cost stemming mainly from crude oil prices, exchange rate besides taxes, transportation, and labor. Norman and Shin (1991) and Bachmeier and Griffin (2003) for the US, Kirchgassner and Kubler (1992) for Germany, and Godby et al. (2000) for Canada report the positive effect of (crude) oil prices on gasoline prices. There are a number of studies that report the positive effect of exchange rate on petroleum product prices. Chou (2012) , Bacon (1991) , Balke et al. (1998) , Reilly and Witt (1998) , Asplund et al. (2000) , and Galeotti et al. (2003) model the role of exchange rate and crude prices for a set of non-US countries. Different types of shocks affect product prices differently. For example, Pindyck (2001) distinguishes between permanent and temporary shocks and Radchenko (2005) decomposes shocks into long term versus short term. Since changing prices is costly, firms are less likely to change product prices if there is more chance that they will have to change their product prices again in the near future, such as if input price increases will correct themselves shortly. Firms tend to increase their product prices more if the shock is permanent (rather than transitory) and long term (rather than short term). These studies suggest that agents will move to adjust to changes differently depending on the type of shocks.
To assess the role of exchange rate on petroleum product prices, we gathered data from a set of countries whose currencies are neither the USD nor fixed to it. We chose a set of Northern Mediterranean (or Southern European) countries that share the same or similar crude oil reference prices and where exchange rate is determined by the markets. Thus, we collected data from France, Greece, Italy, Spain, and Turkey. Section 2 presents the data and Section 3 describes the methodology we employed and discusses the results obtained by the econometric specifications, and Section 4 concludes.
Data
gathered consumer prices of petroleum products, with duties and taxes deducted, for Euro-super 95, fuel oil, gas oil for automobiles, and heating gas oil from the Oil Bulletins of the European Commission. For Turkey, we collected the selling prices (vendor) without taxes for diesel, 95 octane unleaded gasoline, and fuel oil from the annual official reports of the Turkish Energy Market Authority. We obtained Brent oil data for world oil prices from Data Stream and gathered the USD-Euro exchange rate from the Federal Reserve Bank of St. Louis and the Turkish Lira-USD exchange rate from the data delivery system of the Central Bank of the Republic of Turkey. All the data employed in this study were used in their logarithmic forms.
Methodology
To model petroleum product pricing, we follow Campa and Goldberg's (2005) micro foundations of exporters' pricing behavior of import prices. The import price of oil (P t m ) is the product of exchange rate (E t ) and the export price of a product (of an oil export price, OIL t ) P t x . The export price (in USD) can be equal to the marginal cost (MC t x )
in USD that captures crude oil prices, exchange rate, and mark-up (MARKUP t x ). If the lower case letters represent the logarithm of the variables, then we can write the import price of oil in Eq.
(1) as follows:
We further assume that marginal cost is affected by benchmark crude oil prices and that mark-up is affected by exchange rate:
Thus, we may write Eq. (1):
In this paper, we are interested in the effect of relative change of exchange rate to crude oil prices on petroleum product prices. Thus, we could write:
where (1 + φ 1 − ψ 1 ) can be positive or negative, but regardless, it captures the relative effect of change of exchange rate to crude oil prices on petroleum product prices. Thus, one may write:
Here, the domestic currency value of domestic petroleum product prices (petrol DC ) is determined by the domestic currency value of crude oil prices as well as exchange rate. The domestic currency value of crude oil prices (crude DC ) is found by adding the logarithms of USDdenominated crude oil prices and exchange rate. Here, we also include the time trend to account for lower transportation costs due to higher efficiency of transportation vehicles and higher efficiency of distribution channels over time. β 3 captures the relative effect of exchange rate changes to crude oil price changes on petroleum product prices. 4 A positive β 3 suggests that an increase in exchange rate increases petroleum products' pump prices more than the cost of crude oil prices in local currency does; a negative β 3 suggests that an increase in exchange rate increases petroleum products' pump prices less than the cost of crude oil prices in local currency does.
If all the series have unit roots, these series should be cointegrated for a long-run relationship. Overall, unit root tests fail to reject the null of a unit root for world crude oil prices, exchange rates, and gasoline prices for each country.
6 These statistics are not provided here to save space, but are available from the authors upon request. These estimated coefficients are less than one and between 0.32 and 0.61. Campa and Goldberg (2005) report that even if there is a one percent increase in imported product prices in domestic currency, it almost always increases prices of products at the dock one percent (full pass-through of exchange rate to prices). This effect is smaller in consumer prices (incomplete pass-through) at the later stages of distribution channels. Thus, our results support their proposition. On the estimated coefficient of the exchange rate, the estimated coefficients for all countries and products we consider are negative and statistically significant, except for unleaded (95 octane) for Turkey: it is positive, yet not statistically significant. This suggests that a one percent increase in crude oil prices increases petroleum product prices more than a one percent increase in exchange rate does. Even if crude oil is the most important input to the petroleum product production process, there are various other inputs, such as other types of chemicals, labor, and electricity. As the technology improves in the usage of these inputs, the output prices will be less affected (see Morrison, 1997) . Since technological improvement on crude usage is limited compared to the non-crude inputs, crude prices will affect petroleum product prices more (see Concawe, 2007) . Moreover, Burstein et al. (2003) ; Burstein et al. (2005); and Campa and Goldberg (2005) argue that the 4 Alternatively, we could include USD-denominated crude prices and exchange rates in the regression analysis. However, we would need to test whether the estimated parameters of these two variables are equal to each other. This test statistic is not readily available because it is also a function of the covariances of these two parameters (see Greene, 2008 , ss. 53-56).
5 Except for France, it is quite likely that crude oil prices and exchange rates are both exogenous to the system. Moreover, it is quite unlikely that pre-tax petroleum product prices affect world crude oil prices and exchange rate. Thus, we employ univariate but not multivariate analyses. We did estimate a VAR model but the confidence bands for the impulse responses had too wide a margin to make inferences. Crude oil prices and exchange rates were both exogenous to the system, thus estimating the model within a VAR framework might lead to overparamatization. 6 We employed three unit root tests: ADF; Phillips and Perron (PP); and Kwiatkowski, Phillips, Schmidt, and Shin (KPSS). For the first two tests, the null hypothesis is the unit root, but for the last test the alternative is the unit root. We performed the test for the log levels and log first differences. Overall, we concluded that all series are integrated in order one, I(1). role of non-tradable cost is also important. Thus, the role of exchange rate (which is more than it is tied to crude prices) on petroleum product prices should be lower. If these series have unit roots and are jointly cointegrated, then the specification may be written in an error correction form. Thus, one may write Eq. (6) as:
where Δ is for the first difference operator. Here, u t−1 is the lag value of the residual term of 6. u t−1 captures the deviation of petroleum product prices from their long-run equilibrium from the previous period and α ECM is the estimated parameter for the error correction term. m is the lag length, α i c captures the short-run adjustment terms to crude oil prices in local currency, α i e is for the short-run adjustment terms to exchange rate, α i d is for the lagged dependent variable. Table 3 reports the estimated coefficients for Eq. (7). The estimated coefficient for u t−1 and α ECM is expected to be negative because higher (or lower) domestic product prices from a longrun equilibrium would lead to lower (or higher) oil product prices to correct the error made from the previous period. The estimated coefficients for u t−1 are all negative and statistically significant, which implies that an increase in domestic petroleum product prices above the longrun equilibrium suggested by Eq. (6), u t , will decrease domestic petroleum product prices in the next period. Similarly, a decrease in domestic petroleum product prices below the long-run equilibrium implies that domestic petroleum product prices will increase in the next period. The estimated coefficients of the Euro-super 95 or unleaded (95 octane) specifications are the highest in absolute value for all countries but Spain. The estimated coefficients for fuel oil are the lowest for France, Greece, and Spain. Therefore, the adjustment for those countries can be considered the lowest. If one looks at the estimated coefficients for Δcrude t−i DC for all countries and petroleum products, they tend to be positive and statistically significant. This finding suggests that an increase in crude prices increases petroleum product prices in local currency in the short run. If one looks at the estimated coefficients for Δe t−i , there are a number of positive as well as negative coefficients. These negative coefficients tend to concentrate on the fourth lag. We will elaborate on this issue in the next paragraph, but this result suggests that as exchange rate increases and its cost effect is accounted for through crude oil price increases in local currency, it increases petroleum product prices earlier and the effect of exchange rate decreases over time. The estimated coefficients for Δpetrol t−i tend to be negative, which suggests that a change in petroleum product prices tends to die out over time. However, these coefficients do not reveal whether exchange rate or crude prices are affected differently than petroleum product prices.
To assess the relative effect of exchange rate versus crude oil prices on petroleum products in the short run we estimate the coefficient for the exchange rate: α i e . The positive coefficient for α i e suggests that a one percent increase in exchange rate increases petroleum products more than a one percent increase in crude oil prices does for the i th period. Table 4 reports the cumulative sum of the estimates of the change in exchange rate coefficients ∑α i e to capture what the total short-run effect of exchange rate changes relative to crude oil price changes on petroleum products at the n th period would be. We estimate the model with four lags; however, the effects of exchange rate and crude oil prices may persist for more than four periods (one month). Thus, we estimate the model with eight lags when we analyze the short-run effects of these two variables on petroluem product prices. 7 Specifically, for Period 0 we report the α 0 e estimate, for Period 1 we report the α 0 e + α 1 e estimate, for Period 2 we report the α 0 e + α 1 e + α 2 e estimate, etc., to calculate the accumulated effect of exchange rate changes on petroleum products relative to crude oil price increases. Table 4 reveals that all the statistically significant coefficients at the 10% level are positive. This result suggests that in the short run, a one percent increase in exchange rate increases petroleum product prices more than a one percent increase in crude oil prices does. This is parallel to findings of Asplund et al. (2000) for Sweden, 8 and the result makes sense: first, refineries purchase their crude oil with forward contracts and might be immune to spot crude oil price fluctuations. However, unless agents particularly hedge against foreign exchange rate volatility with forward/future contracts, the exchange rate sensitivity of petroleum products should be higher. Thus, agents do respond to exchange rate changes more than they respond to crude oil price changes in the short run. Second, within the Rotemberg (1982) framework, where prices are set in an uncompetitive environment with a flexible markup and changing prices are costly to a firm (due to changing menu prices and lost reputation), firms will be reluctant to adjust their retail prices as input prices change. For inputs with a higher price volatility, firms will be more hesitant to increase their output prices when input prices increase than they will be to increase their inputs with a lower price volatility. Inputs with a higher price volatility (in our case, crude oil) may mean a lower input price in the future; thus, firms will be 7 We also estimate the model with four lags and the estimates are mostly parallel with the eight-lag model. 8 The specification employed by Asplund et al. (2000) is similar to our short-run analysis (they use the first-differenced series within a single equation framework); however, they did not search for the asymmetric effects of exchange rate changes and crude oil price changes on petroleum products explicitly and did not provide the test statistics. Although they did not elaborate on the asymmetry issue, their estimates reported in Table 4 reveal that cost increases from exchange rates increase more than those from crude. more hesitant to adjust their output prices (petroleum product prices here) to crude prices than to implement cost increases due to exchange rate increases. The descriptive statistics suggest that the volatility of crude price changes is higher than both exchange rates we consider (the standard deviation of crude percent change was 2.3288, the standard error of USD to Euro exchange rate change was 0.6766, and the USD to Turkish Lira exchange rate was 2.0869). Third, firms will be more reluctant to change their petroleum product prices if they think input price changes are temporary rather than permanent. To test this hypothesis, we perform the MacKinlay (1988, 1989) variance ratio test. The test statistics are reported in Table 5 for two to eight periods for crude oil prices in USD as well as for Euro-USD and TL-USD exchange rates. Except for the fourth period for Turkish exchange rates, the variance ratio test reveals a higher variance ratio for both exchange rates than for crude oil prices. None of the test statistics at 10% rejects the null of martingale, but martingale is rejected at 10% in the fourth, fifth, sixth, seventh, and eighth periods for crude. Thus, test statistics support the proposition that shocks to exchange rates are more persistent and agents adjust pump prices faster if input prices increase due to exchange rate than if they increase due to crude price increases. Thus, firms may respond more slowly to a change in crude price changes than to a change in exchange rate in the short run.
When we observe selected countries, Turkey has the lowest shortrun asymmetry. Close values of standard errors in exchange rate changes and crude oil price changes (compared to other countries) also support this proposition. This finding makes sense because dollarization is high and the exchange rate is volatile in Turkey; thus, the markets have evolved such that the price adjustment mechanism is fastest there. When we compare the number of petroleum products in which exchange rate asymmetry has been observed, Greece has the highest degree of short-run exchange rate asymmetry.
There is a set of studies that suggests retail gasoline prices respond asymmetrically to cost increases compared to cost decreases. Brown and Yucel (2000) interpret the existence of asymmetry to the monopolistic structure of oil and petroleum products. Johnson (2002) promotes the search cost to explain asymmetric prices. Borenstein and Shepard (1996) and Borenstein et al. (1997) emphasize different sources of asymmetries at different stages of the distribution chain. To incorporate asymmetric effects, following Granger and Lee (1989) we adopt a set of specifications to be estimated. We first consider an asymmetry by Eq. (8): Table 6 reports the estimated coefficients for Eq. (8). The estimated coefficients for positive and negative residuals (u t−1 − and u t−1 + ) are always negative and at least one of u t−1 + or u t−1 − is statistically significant.
Thus, the error correction term seems to be working. We did not interpret but we do report the coefficients for Δcrude t−i DC , Δe t−i and Δpetrol t−i DC .
The interpretation gathered for these coefficients in Table 3 is robust.
The last column reports the test statistics for the null hypothesis, that the coefficients for u t−1 + are the same as u t−1 − . None of the test statistics is statistically significant at the 10% level except for the Turkish diesel case, and Turkish diesel is also significant at the nine percent level. Thus, we may claim that we could not find a statistically significant asymmetry for crude oil price and exchange rate increases versus decreases on petroleum product prices, which is parallel to the findings of Borenstein et al. (1997) . For this reason, we did not pursue this avenue further by calculating the cumulative effects of exchange rate changes relative to crude prices on petroleum product prices.
Summary
The purpose of this article is to study the relative pass-through effects of these two costs on petroleum product prices. Evidence from a set of Northern Mediterranean countries suggests that a one percent increase in exchange rate (depreciation) increases petroleum product prices more than a one percent increase in crude oil prices does in the short run. However, in the long run, a one percent increase in exchange rate increases petroleum product prices less than a one percent increase in crude oil prices does.
